
































































Comment on "Quantum Coherence and Sensitivity of Avian Magnetoreception"







Link to publication in Heriot-Watt Research Gateway
Citation for published version (APA):
Gauger, E. M., & Benjamin, S. C. (2013). Comment on "Quantum Coherence and Sensitivity of Avian
Magnetoreception". Physical Review Letters, 110(17), [178901]. 10.1103/PhysRevLett.110.178901
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.Comment on ‘‘Quantum Coherence and Sensitivity of
Avian Magnetoreception’’
Several papers [1–3] have studied the quantum physics
of the radical pair mechanism hypothesized to underlie the
aviancompass. Our2011 Letter[2]analyzedthe coherence
time of the electron spin pair and found that it must be
surprisingly long. To be consistent with behavioral studies
on European Robins involving weak radio frequency (rf)
ﬁelds [4,5], the coherence time should be of order 100  s
or more. Interestingly, this is considerably longer than the
reported 6  s radical pair lifetime from in vitro experi-
ments on cryptochrome [6], widely considered a potential
candidate for the avian compass [7].
Utilizing the radical pair model we described in Ref. [2],
Bandyopadhyay et al. seek to close this gap by considering
additional behavioral studies, as reported in a very recent
Letter [8]. However, their analysis suffers from two errors:
an erroneous numerical computation together with the
omissionofvitalexperimentaldata.Theseissuesaremulti-
plicative and result in an underestimate of the lower bound
by a factor of about 40. Consequently, the estimate of the
lifetime given in the paper as 5–6:7  s, and described as
‘‘of the order of a microsecond’’ in their abstract, in fact
becomes 200–270  s, i.e., hundreds of microseconds.
To test the validity of Bandyopadhyay-Paterek-
Kaszlikowski’s (BPK) numerical calculation, we regener-
ated their simulation results using exactly the model and
theparameterswhichtheyselect.Afteranexhaustiveseries
of simulations, we conclude that it is not possible
to reproduce the graphs in BPK’s Letter. One can match
the line shapes exactly, but to do so one must rescale by a
factor of four either the time axis or the spins’ g-factors.
In an online document [9], we provide complete details of
our analysis for scrutiny. Furthermore, we have been made
aware that an independent researcher also found it impos-
sible to reproduce BPK’s results without artiﬁcially scaling
themodelparameters[10].Evidently,thereisanerrorinthe
numerical code employed by BPK.
In deriving lifetime estimates, both our original
Letter and BKP’s vitally depend on the effect of weak
resonant ﬁelds in disrupting the birds’ compass sense.
Experimentalists have reported disruptions for ﬁelds of
strength 470 nT to 15 nT. In our paper we took the value
of 150 nT to ensure a conservative estimate; however, to
argue that a speciﬁc shorter process timescale is consistent
with the body of behavioral experiments, the analysis
should be based on the weakest rf ﬁeld known to disrupt
the bird’s compass sense, i.e., 15 nT. BPK perform their
calculations for Brf ¼ 470, 150, and 47 nT, but inexplica-
bly they omit the crucial 15 nT datum (see Fig. 3 of
Ref. [5], which BPK cite as their Ref. [13]). The effect of
including this result is to increase the lower bound on
the lifetime by a factor of about 10, which becomes 40
in view of the numerical error described above [9]. Stated
alternatively: the timescale reported by BKP is not con-
sistent with the reported disruption of the avian compass
at ﬁelds of 15 nT; any bird whose compass lifetime is
conﬁned to microseconds (or indeed 10s of microseconds)
must be immune to a 15 nT oscillatory ﬁeld.
BKP’s observation that long coherence is not required
for a compass sense remains correct. However, this is not a
novel observation, having been stated and analyzed in our
2011 Letter [2] and in Ref. [3]; the latter speciﬁcally exam-
ined the cases where noise is beneﬁcial. Notwithstanding
the puzzle of why the bird should evolve an unnecessarily
long lifetime [11], the available data [4,5,12] applied to a
proper quantum mechanical model of the radical pair
mechanism nevertheless indeed imply that the life- and
coherence time is of order 100  s or more.
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